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(54) Air cycle environmental control system 

(57) In an air cycle machine (ACM), a turbine (T) is 
driven by an engine bleed air (BA), and the turbine pow- 
er is mechanically transmitted to a compressor (C) to 
compress the engine bleed air or open air. An electric 
motor (M) may be provided to electrically drive the com- 
pressor, if necessary, to thereby serve as an auxiliary 



power lor the turbine power The air cycle machine is 
used for an air conditioning system for an aircraft, 
wherein open air or engine fan air is raised in its pres- 
sure by taking advantage of the compressor (C) driven 
by the turbine power to use as a ventilation air. There- 
fore, a consumption of the engine bleed air having a high 
energy level can be efficiently reduced. 



< 

T- 

O) 
CM 



Fig. 2 



heat 

exchanger 



compressor 



CIR 




s 

shaft 



turbine 



motor 



1 



EP1 129 941 A2 



2 



Description 

Background of the Invention and Related Art Statement 

[0001] The Invention relates to an air cycle machine 
to be used in a transport machinery, such as an aircraft, 
shipping and vehicle, and an air conditioning system us- 
ing the same, especially, an air conditioning system for 
an aircraft for supplying pressurized air into a cabin of 
the aircraft, and ventilating the same accompanied by 
heating and cooling. 

[0002] For example, an aircraft generally includes an 
air conditioning system for supplying conditioned air 
with optimum temperature and pressure to a pressu- 
rized cabin or chamber, such as an accommodation 
compartment and an electronics* chamber. The air con- 
ditioning system plays various roles, such as dehumid- 
ifying, supplying oxygen to the pressurized cabin and 
making up tor leaked air, in addition to regulating tem- 
perature and pressure of air. To play these roles, it is 
indispensable to take open or outside air. 
[0003] In case the open air is taken as described 
above, if air cooling is made only by ram air, it can not 
respond immediately. Also, it is impossible to obtain a 
sufficient pressure necessary for the press urizati on 
from thin ram air during a high altitude flight. If the open 
air is taken as it is, pressure and oxygen quantities nec- 
essary for the pressurized cabin can not be obtained. 
Therefore, there has been established an air condition- 
ing system, wherein bleed air is obtained from an engine 
(including an auxiliary power portion) where a sufficient 
quantity of the open air always exists, and the temper- 
ature and pressure of the engine bleed air are regulated 
to supply to the pressurized cabin as air-conditioned or 
regulated air. 

[0004] An air cycle machine ACM of the air condition- 
ing system as a main part thereof is generally structured 
such that, as shown in Fig. 1 , a turbine T is driven by 
engine bleed air BA of an engine 20, the turbine power 
is transmitted to a compressor C connected by a single 
shaft, and the engine bleed air BA to be supplied to the 
turbine T is compressed by the compressor C and sup- 
plied to a pressurized cabin 22. In Fig. 1 , reference nu- 
meral 21 represents a bootstrap circuit (or supplying the 
engine bleed air BA discharged from the compressor C 
to the turbine T, and PHX and SHX represent heat ex- 
changers. 

[0005] In the structure as described" above, since a 
work more than the turbine power can not be done by 
the compressor, it is indispensable to balance a work 
quantity of the compressor and the turbine power. 
[0006] However, in case the driving power of the tur- 
bine relies on only the engine bleed air, a performance 
of the air cycle machine is inevitably governed by the 
bleed air pressure and flow quantity. For example, when 
the bleed air flow quantity is small, the turbine power is 
reduced to thereby lower the performance of the air cy- 
cle machine, which results in lowering a cooling per- 



formance of the whole air conditioning system. There- 
fore, with the structure of the conventional air cycle ma- 
chine, there is a problem such that an effective flight and 
a suitable air conditioning are incompatible. 
s [0007] Also, in a passenger airplane where a large 
number of passengers are on board, a large quantity of 
ventilation air is required. Thus, in case the whole nec- 
essary quantity of ventilation air is taken from the engine 
bleed air, the quantity of the engine bleed air is in- 
to creased and an engine penalty (fuel consumption) is in- 
creased to thereby greatly reduce an efficiency of the 
aircraft. 

[0008] In order to solve the above problems, the 
present invention has been made, and an object of the 
is invention is to provide an air cycle machine and an air 
conditioning system using the same, wherein air condi- 
tioning can be effectively made by using bleed air and 
open air. 

20 Summary of the Invention 

[0009] According to a first aspect of the invention, in 
an air cycle machine, a turbine is driven by an engine 
bleed air, and a turbine power is mechanically transmit- 

25 ted to a compressor. The engine bleed air to be sent to 
the turbine is compressed by the compressor, and if nec- 
essary, the compressor is electrically driven to thereby 
structure a hybrid-type air cycle machine. 
[0010] When the air cycle machine is structured as 

30 described above, even if the turbine power Is decreased 
pursuant to the decrease in the flow rate and pressure 
of the engine bleed air, the turbine can also be electri- 
cally driven to provide a predetermined turbine power 
and raise a compression ratio of the compressor, so that 

35 an expansion ratio of the turbine is increased. There- 
fore, a temperature at the exit of the turbine is lowered 
to thereby prevent the cooling ability from being low- 
ered. 

[001 1 ] According to a second aspect of the invention, 
40 there is provided an air conditioning system using the 
hybrid-type air cycle machine, wherein the engine bleed 
air is introduced into the compressor to be compressed 
therein, is cooled in the heat exchanger, and then is sub- 
jected to an adiabatic expansion in the turbine to seff- 
45 cool to thereby obtain conditioned air without requiring 
a high-pressure bleed air source, what Is called, to struc- 
ture a bootstrap circuit. 

[0012] According to a third aspect of the invention, 
there is provided another air conditioning system using 

so the hybrid-type air cycle machine as described above, 
wherein the engine bleed air is introduced into the tur- 
bine to drive the same, while the open air is taken to be 
compressed at the compressor to thereby structure a 
circuit for obtaining conditioned air from the compressed 

55 open air and the bleed air expanded at the turbine. 
[0013] Of course, the inventions according to the sec- 
ond and third aspects may be included in one air condi- 
tioning system. 
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[0014] According to a fourth aspect of the invention, 
in an air conditioning system for an aircraft formed of an 
air cycle machine, as an essentiaJ portion thereof, 
wherein a turbine and a compressor is connected by a 
single shaft, engine bleed air is introduced into the tur- 
bine to drive the air cycle machine, while the open air is 
introduced into the compressor to raise its pressure for 
a ventilation air. 

[001 51 According to this structure, since the open air 
is compressed by the turbine due to the engine bleed 
air and can be used as ventilation air, the usage of the 
engine bleed air can be reduced to thereby suppress 
the fuel penalty or consumption of the engine. 
[00161 Incidentally, the open air is normally taken 
through a ram duct, but it may be taken by air-bleeding 
from a fan bleed. 

Brief Description of the Drawings 

[0017] 



Fig. 1 is a block diagram showing a conventional air 
conditioning system; 

Fig. 2 is a block diagram showing a first embodi- 
ment according to the present invention; 
Fig. 3 is a block diagram showing a second embod- 
iment according to the present invention; 
Fig. 4 is a block diagram showing a third embodi- 
ment according to the present invention; and 
Fig. 5 is a block diagram showing a fourth embodi- 
ment according to the present invention. 

Detailed Description of Preferred Embodiments 

[001 8] Hereunder, embodiments of the present inven- 
tion are explained with reference to the drawings. 

<First Embodiment 

[0019] First, Fig. 2 shows an air cycle machine (here- 
inafter referred to as "ACM U ) of a first embodiment. The 
machine is structured such that a compressor C and a 
turbine T are connected by a single shaft S equipped 
with an electric motor M, and an exit of the compressor 
C and an entrance of the turbine T are connected by a 
circuit CIR provided with a heat exchanger HX. 
[0020] In a conventional machine, as shown in Fig. 1 , 
a compressor C and a turbine T are connected by a shaft 
S having no motor function. Assuming that an engine 
bleed air BA has a temperature T = 300° F, a pressure 
P = 38 psia and a flow rate W = 50 tb/min, there can be 
obtained conditioned or adjusted air having T = 468° F 
and P = 65 psia at an exit of the compressor C; T = 150° 
F and P = 65 psia at an entrance of the turbine T; and T 
= -17° F and P = 15 psia from an exit of the turbine T. 
At this time, the compressing work of the compressor C 
is 35 kW equal to the turbine power. In case the pressure 
of the engine bleed air BA lowers, its compression ratio 



and expansion ratio are decreased, which inevitably re- 
sults in a temperature rise at the exit of the turbine T. 
[0021] On the contrary, in the present embodiment as 
shown in Fig. 2, even if the pressure P of the engine 

5 bleed air BA is lowered to 25 psia (other conditions are 
the same as those of Fig. 1 ), in case an auxiliary energy 
of 32 kW is added from the electric motor M, there can 
be obtained conditioned air having temperatureT = 61 8* 
F and pressure P = 65 psia at the exit of the compressor 

10 C; temperature T = 1 50° F and pressure P = 65 psia at 
the entrance of the turbine T; and regulated temperature 
T = -17* F and regulated pressure P = 15 psia from the 
exit of the turbine T, which are the same as the above- 
stated results. At this time, the compressing work of the 

15 compressor C is increased to a sum of 67 kW obtained 
by adding 32 kW of a motor power to 35 kW of a turbine 
power. 

[0022] As described above, when the ACM of the 
present embodiment is used, even if the turbine power 

20 is lowered due to pressure decrease of the engine bleed 
air, by providing the turbine T with an electrical auxiliary 
power to obtain a predetermined turbine power, a com- 
pression ratio of the compressor C is increased, so that 
an expansion ratio of the turbine T is increased to there- 

25 by efficiently prevent the cooling ability from being low- 
ered due to decrease in the exit temperature of the tur- 
bine T. Further, if necessary, in case a revolving speed 
control of the electric motor is carried out through a mo- 
tor controller MC, efficient flight and suitable air condi- 

30 tioning can be obtained with a control of an auxiliary 
power rate. 

[0023] Incidentally, the power supplement as de- 
scribed above can be effectively earned out with respect 
to a decrease in the flow rate of the engine bleed air. 

35 

<Second Embodiment 

[0024] Next, Fig. 3 shows a second embodiment of 
an air conditioning system to which the functions of the 

40 above air cycle machine are applied. The air condition- 
ing system is structured such that an engine (including 
an auxiliary power portion) 1 and a pressurized cabin 2, 
such as an accommodation compartment and an elec- 
tronics' chamber, are connected through an air condi : 

45 tioning portion 3. The air conditioning portion 3 compris- 
es an air cycle machine ACM formed of a compressor 
C, a turbine T and a fan F1 ; a bleed air line 4 for intro- 
ducing bteed air to an entrance C1 of the compressor 
C; a bootstrap circuit 5 for connecting an exit C2 of the 

so compressor C and an entrance T1 of the turbine T; an 
air supply line 6 for transferring air discharged from an 
exit T2 of the turbine T to the pressurized cabin 2; and 
a dehumidifying mechanism 7 structured as parts of the 
bootstrap circulation 5 and the air supply line 6. 

55 [0025] The bleed line 4 is provided with a bleed air 
flow rate controlling valve V1 ; a primary heat exchanger 
PHX for preventing an abnormally high temperature 
bleed air from flowing into the air conditioning portion 3 
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by cooling the engine bleed air BA through heat-ex- 
change with ram air RA; and a mode switching valve V2 
for regulating the bleed air line 4 on the side of the com- 
pressor C. 

[0026] The air cycle machine ACM is structured such 
that the compressor C and the turbine T are connected 
by a single shaft S. The ACM further includes an electric 
motor M for inputting a power generated at the turbine 
T into the compressor C, and at the same time, for in- 
putting an auxiliary power to the shaft S through a con- 
trol of the motor controller MC. 
[0027] The bootstrap circuit 5 is provided with a sec- 
ondary heat exchanger SHX for effectively cooling air, 
the temperature of which has been raised by compres- 
sion at the compressor C, through heat exchange with 
the ram air RA. Air passing through the secondary heat 
exchanger S HX is inputted into the turbine T, and its ad- 
iabatic expansion work is done at the turbine T. 
[0028] The air supply line 6 connects the exitT2 of the 
turbine T and the pressurized cabin 2 through a manifold 
8 and a re-circulation circuit RC. 
[0029] The dehumidifying mechanism 7 includes a re- 
heater RH, a condenser COND and a water separator 
WS. The condenser COND has a function of effectively 
cooling air, dew point of which is raised by being com- 
pressed at the compressor C in the bootstrap circuit 5, 
to condense its water content; and a function for raising 
an extremely low temperature state of air discharged 
from the exit T2 of the turbine T at the air supply line 6, 
so that heats of both airs are exchanged. The water sep- 
arator WS has an internal structure for turning air flowing 
therein to a revolutional flow state, for example, wherein 
air, the water content of which is condensed by the con- 
denser COND, is introduced to separate only the water 
contents having a large specific gravity by a centrifugal 
force of the revolutional flow to thereby allow only dehu- 
midified air to flow out. The re-heater RH serves to pre- 
cool air proceeding to the condenser COND on an upper 
stream side of the bootstrap circuit 5, and to pre-heat 
air discharged from the water separator WS so as not 
to freeze at the exit T2 of the turbine T on the down 
stream side of the bootstrap circuit 5 to thereby carry 
out heat exchange of both airs. 
[0030] Incidentally, ram air RA to be supplied to both 
heat exchangers SHX, RHX Is taken by a fan F1 dis- 
posed at a ram air duct (not shown). In the present em- 
bodiment, the fan F1 is driven by the shaft S of the air 
cycle machine ACM. The air cycle machine structure 
wherein the single shaft S is provided with three vanes, 
such as the compressor C, the turbine T and the fan F1 , 
is called as a three-wheel-type air cycle machine. On 
the other hand, the above-described dehumidifying 
mechanism 7 wherein dew point is raised in high pres- 
sure air to condense the water content, Is called as a 
high pressure water separating (HPW) system. 
[0031] Also, the re-circulation circuit RC is provided 
to circulate a part of air exhausted from the pressurized 
cabin 2, that is, to take a part of the exhaust air once 
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discharged from the pressurized cabin 2 through a fan 
F2 to lead to the manifold 8 disposed near the end of 
the air supply line 6, so that the taken-in air is mixed with 
newly supplied air at a lower temperature. 

5 [0032] In addition to the above-described structure, 
the air conditioning system of the present embodiment 
includes a by-pass circuit B4 for connecting an entrance 
of the compressor C and an exit of the secondary heat 
exchanger SHX through a valve V4; a by-pass circuit 

io B6 for connecting an entrance of the primary heat ex- 
changer PHX and an exit T2 of the turbine T through a 
valve V6; a by-pass circuit B5 for connecting the exit of 
the secondary heat exchanger SHX and an exit of the 
condenser COND through a valve V5; a by-pass circuit 

is B3 for connecting the exit of the primary heat exchanger 
PHX and the exit of the turbine T through a valve V3; 
and a by-pass circuit BO for connecting the exit of the 
primary heat exchanger PHX and the exit of the second- 
ary heat exchanger SHX. Ram air RA can be introduced 

20 into the by-pass circuit B4 from an outer portion. In the 
drawings, reference symbols A1 , A2 and A3 represent 
check valves. 

[0033] Next, operations of the air conditioning system 
are explained. In the air conditioning system, a normal 

2 5 mode and a ram mode can be selected through opening 
and closing of the mode switching vah/e V2. First, the 
normal mode is explained. In the normal mode, the valve 
. V2 is fully opened and the valves V4, V5 are completely 
closed. The temperature of bleed air from the engine 1 

30 is lowered at the primary heat exchanger PHX disposed 
at a beginning of the airbleeding line 4, and the pressure 
and quantity thereof are made constant to be inputted 
to the compressor C of the air cycle machine ACM to be 
compressed therein. Air flowing out from the compres- 

35 sor C is efficiently cooled down at the secondary heat 
exchanger SHX, and after air is further cooled down at 
the re-heater RH, air is inputted into the condenser 
COND to condense its water content. The water content 
is removed at the water separator WS disposed at the 

40 next step, and the dehumidified air is suitably heated by 
the re-heater RH to be inputted into the turbine T There- 
after, an adiabatic expansion work of air is carried out 
at the turbine T, so that air is self -cooled. After passing 
through the condenser COND, the self-cooled air is 

45 mixed with the circulation air of the pressurized cabin 2 
at the manifold 8, so that the self-cooled air becomes 
an optimum temperature to be introduced into the pres- 
surized cabin 2 through the entrance thereof. 
[0034] If necessary, the electric motor M is actuated 

50 by the motor controller MC to provide a suitable auxiliary 
power to the compressor C, so that a compression ratio 
of the compressor C is increased to raise a cooling abil- 
ity of the air conditioning system. 
[0035] Also, in case the ram air is taken in the sky, a 

55 mode is shifted to the ram mode. The procedure in- 
cludes, first, closing the valve V2 gradually, so that the 
pressures at the entrance CI and the exit C2 of the com- 
pressor C are decreased. Then, when the bleed air pres- 
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sure at an entrance of the re-heater RH becomes higher 
than that at the exit C2 of the compressor C, the check 
valve A2 opens, so that the engine bleed air starts to 
flow directly to the entrance of the re-heater RH through 
the by-pass circuit BO. Since the flow rate of the bleed 
air to the compressor C is temporarily decreased by reg- 
ulating the valve V2, a temporary surge control is carried 
out by opening the valve V4. When the entrance d of 
the compressor C becomes tower than an open air pres- 
sure (pressure at a ram scoop entrance), the check 
valve A3 opens, so that the ram air starts to flow. Here, 
the valve V5 opens, so that the compressed open air 
and the bleed air expanded at the turbine T join near the 
manifold 8 to be supplied to the pressurized cabin 2 as 
conditioned or regulated air. Then, a speed of the elec- 
tric motor is controlled by the motor controller MC to reg- 
ulate the ram airflow rate, so that conditioned air having 
optimum temperature and pressure can be obtained. 

<Third Embodiment 

[0036] In an air conditioning system as shown in Fig. 
4, an engine 1 and a pressurized cabin 2, such as an 
accommodation compartment and electronics' cham- 
ber, are connected through an air conditioning portion 
3. The air conditioning portion 3 includes an air cycle 
machine ACM having a compressor C and a turbine T, 
as an essential portion. To the air cycle machine ACM 
are connected an air bleeding line 4 for introducing 
bleed air to an entranced of the compressor C; a boot- 
strap circuit 5 for connecting an exit C2 of the compres- 
sor C and an entrance T1 of the turbine T; and an air 
supply line 6 for transferring air discharged from an exit 
T2 of the turbine T to a pressurized cabin 2. 
[0037] The air bleeding line 4 is provided with a pri- 
mary heat exchanger PHX for preventing an abnormally 
high temperature bleed air from flowing into the air con- 
ditioning portion 3 by cooling through heat exchange of 
the engine bleed air BA and the ram air RA. 
[0038] The air cycle machine ACM is formed of the 
compresso- C and .the turbine T connected therebe- 
tween with a single shaft, and a power generated at the 
turbine T can be inputted into the compressor C. 
[0039] The bootstrap circuit 5 is provided with a sec- 
ondary heat exchanger SHX for efficiently cooling air 
compressed and raised in its temperature at the com- 
pressor C through heat exchange with the ram air. Air 
passing through the secondary heat exchanger SHX is 
inputted into the turbine T where air is subjected to an 
adiabatic expansion work. 

[0040] The air supply tine 6 connects the exitT2 of the 
turbine T and the pressurized cabin 2. 
[0041] In the structure of the air conditioning system 
as described above according to the present embodi- 
ment, there is provided a by-pass 1 0 diverged from a 
point between an exit of the primary heat exchanger 
PHX and the entrance C1 of the compressor C and di- 
rectly connected to the entrance T1 of the turbine T with- 



out passing through the bootstrap circuit 5. The by-pass 
1 0 is provided with valves B and A at an entrance of the 
by-pass 1 0 and on the upper stream side of the entrance 
C1 of the compressor C, and is connected to a ram air 

5 path 11 having a valve C for directly introducing open 
air into the entrance C1 of the compressor C. Further, 
the bootstrap circuit 5 is provided with a by-pass 12 di- 
verged from a portion between the exit of the secondary 
heat exchanger SHX and the entrance T1 of the turbine 

10 T and directly connected to the air supply line 6 without 
passing through the turbine T. Valves E, D are provided 
at the entrance of the by-pass 12 and on the upper 
stream side of the entrance T1 of the turbine T, respec- 
tively. 

15 [0042] Next, operations of the air conditioning system 
are explained. In the air conditioning system, a normal 
mode or a ram mode Is selected through opening or 
closing of the valves A - E. First, the norma! mode is 
explained. In the normal mode, the valves A, D are 

20 opened, and the valves B, C, E are closed. Thus, the 
bleed air BA from the engine 1 is lowered in its temper- 
ature at the primary heat exchanger PHX provided at an 
outset of the air bleeding line 4, and is inputted into the 
compressor C through the compressor's entrance C1 of 

25 the air cycle machine ACM to be compressed therein. 
Air discharged from the exit C2 of the compressor C is 
efficiently cooled at the secondary heat exchanger SHX, 
and inputted into the turbine T through the entrance T1 
thereof. Thereafter, air does an adiabatic expansion 

30 work in the turbine T to be self-cooled: The self-cooled 
air becomes an optimum temperature and is discharged 
through the exit T2 of the turbine T to be introduced into 
the pressurized cabin 2. 

[0043] Also, in case the ram air is taken in the sky, the 
35 mode is shifted to the ram air mode. In the ram air mode, 
the valves A, D are closed and the valves B, C, E are 
opened. Thus, the engine bleed air BA passes through 
the by-pass 1 0 to be directly introduced into the turbine 
T and to be used for driving the same. Then, open air is 
40 taken, through the ram air path 1 1 , into the compressor 
C driven by the turbine power, is compressed therein, 
and is then cooled in the secondary heat exchanger 
SHX. After air passes through the by-pass 12, air is 
mixed with the engine bleed air BA from the turbine T to 
45 be ventilating air having optimum temperature and pres- 
sure and Is introduced into the pre-pressurizatlon cabin 
2. 

[0044] According to the structure as described above, 
the open air can be compressed by the turbine power 

so due to the engine bleed air BA and compressed open 
air can be used as ventilating air. thus, a quantity of the 
engine bleed air can be decreased and a fuel penalty or 
consumption of the engine can be suppressed. 
[0045] For example, when an airplane is flying at an 

55 altitude of 35,000 ft (10,700 m) with M = 0.76, in case 
an open air pressure is 3.4 psia (0.023 MPa) and a tem- 
perature is -54° (in case of a standard day), a situation 
where the open air is compressed to 12 psia (0.083 
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MPa) which is a cabin pressure, is considered. When 
the engine air bleeding is 45 psia (0.31 MPa), in the 
present system, the engine air bleeding quantity can be 
reduced to about 27% as compared with the conven- 
tional system shown in Fig. 1 . Also, in considering a total 
efficiency including a weight penalty or loss, ram penalty 
and electric penalty, a fuel consumption can be reduced 
to about 15%. . 

[0046] Also, the present embodiment is advanta- 
geous in cost since an electric motor is not used when 
the open air is taken in. In considering a situation where 
the electricity is cut off, the system according to the 
present embodiment is highly reliable. 

<Fourth Embodiment 

[0047] An air conditioning system shown in Fig. 5 Is a 
modified system of the air conditioning system accord- 
ing to the third embodiment, wherein an air cycle ma- 
chine ACM is of a three-wheel type, and a dehumidifying 
mechanism 13 is provided to a portion of a bootstrap 
circuit 5. Incidentally, portions in common with those of 
the third embodiment are represented by the same sym- 
bols and explanations thereof are omitted. 
[0048] In the present embodiment, ram air RA to be 
supplied to the primary and secondary heat exchangers 
PHX, SHX is taken through a fan F1 disposed at a ram 
air duct, and the fan F1 is attached to a shaft S of the 
air cycle machine ACM. The air cycle machine of this 
type is advantageous since an aircraft can positively 
take the open air therein in a hardstand especially in a 
hot day. 

[0049] On the other hand, the dehumidifying mecha- 
nism 13 includes a re-heater RH, a condenser COND 
and a water separator WS disposed to the bootstrap cir- 
cuit 5. The condenser COND carries out heat exchange 
for both airs for efficiently cooling one of the airs which 
has been compressed by the compressor C to increase 
in its dew point in the bootstrap circuit 5 so that a water 
content is condensed, and for increasing an extremely 
low temperature of the other air discharged from the exit 
T2 of the turbine T in an air supply line 6. The water 
separator WS has an inner mechanism wherein, for ex- 
ample, air flowing thereinto is made in a revolutional 
flow. Air, a water content of which is condensed at the 
condenser CON D, is introduced into the water separator 
WS, and only a water content having a large specific 
gravity is separated by a centrifugal force to allow de- 
humidified air to mainly flow out. The re-heater RH car- 
ries out heat exchange of both airs for pre-cooling air 
directed to the condenser COND on the upper-stream 
side of the bootstrap circuit 5 and pre-heating another 
air flowing out of the water separator WS on the down- 
stream side of the circuit 5 to prevent air from freezing 
at the exit T2 of the turbine T 

[0050] As described hereinabove, the dehumidifying 
mechanism 13 for condensing the water content with a 
high dew point in a high pressure air is called as a high 



pressure water separating (hereinafter referred to as 
"HPWS") system. 

[0051] Even in the air conditioning system wherein the 
above structure is added, fundamentally, in the same 

5 manner as in the third embodiment, the mode can be 
shifted to the normal mode or the ram mode by shifting 
the valves A - E. Thus, the engine bleed air of an aircraft 
during the high altitude flight can be specially de- 
creased, the penalty or fuel consumption can be sup- 

10 pressed, and a highly efficient flight can be obtained un- 
der a high reliability. 

[0052] Incidentally, specific structures of the various 
portions are not limited to the embodiments as shown 
in the drawings, and can be modified provided that they 

is do not exceed the subject of the present invention- For 
example, in addition to talcing the open air through a ram 
air duct, the open air may be taken from fan bleed of the 
engine. The fan bleed Is provided with only a flow ve- 
locity for taking the open air to compress and is formed 

20 prior to a step where energies of compression and com- 
bustion are provided, so that a substantial influence to 
the engine bleed air can be suppressed to a low degree. 
[0053] As described hereinabove, according to the 
present invention, since the bleed air pressure and flow 

25 rate are not required to change in order to obtain a pre- 
determined cooling ability, while suppressing the influ- 
ence on the flight ability due to variation of the engine 
bleed air and thefuel consumption, an efficient flight and 
suitable air conditioning can be obtained. 

30 [0054] Also, according to the present invention, espe- 
cially, during a flight at a high altitude, engine bleed air 
is introduced to drive the turbine, the power is transmit- 
ted to the compressor and the open air separately taken 
into the compressor is compressed therein. Thus, it is 

35 sufficient to intake minimum engine bleed air necessary 
for driving the air cycle machine. Therefore, in a pas- 
senger airplane requiring a large amount of ventilation 
air, an air bleeding quantity of the engine bleed air hav- 
ing a high energy level is reduced to thereby decrease 

40 a great deal of penalties or energy consumption. In its 
turn, the total system efficiency including other param- 
eters or loss can be effectively improved. Also, since the 
air cycle machine is mechanically driven as much as 
possible, a cost can be reduced and its reliability can be 

45 improved as compared with a case where an electric 
system is employed. 

[0055] Especially, if a sufficient quantity of electricity 
can be obtained, since a part of fresh air can be also 
taken from the atmosphere or ram, bleed air can be fur- 
50 ther reduced. 

[0056] While the invention has been explained with 
reference to the specific embodiments of the invention, 
the explanation is illustrative and the invention is limited 
only by the appended claims. 
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Claims 

1 . An air cycle machine comprising: 

a compressor (C) for receiving and compress- 
ing engine bleed air, and 
a turbine (T) haying a shaft (S) connected to 
the compressor and driven by the engine bleed 
air compressed at the compressor, 
wherein said air cycle machine further compris- 
es an electric motor (M) attached to the shaft 
for actuating the compressor and the turbine 
when necessary. 

2. Ah air conditioning system, comprising: 

an air cycle machine (ACM) including a com- 
pressor (C) for receiving and compressing en- 
gine bleed air, and a turbine (T) having a shaft 
(S) connected to the compressor and driven by 
the engine bleed air compressed at the com- 
pressor, and 

a first heat exchanger (SHX) situated between 
the compressor and the turbine, said engine 
bleed air after being compressed by the com- 
pressor being cooled at the heat exchanger and 
supplied to the turbine to self-cool by an adia- 
batic expansion in the turbine to thereby obtain, 
conditioned air without a high-pressure bleed 
air source, 

wherein said air cycle machine further includes 
an electric motor (M) attached to the shaft for 
actuating the compressor and the turbine when 
necessary. 

3. An air conditioning system according to claim 2, fur- 
ther comprising a bootstrap circuit (5) including said 
first heat exchanger (SHX) and located between the 
compressor (C) and the turbine (T). and a dehumid- 
ifying mechanism (7) situated in the bootstrap cir- 
cuit between the first heat exchanger and the tur- 
bine to remove humidity in air supplied to the tur- 
bine. 

4. An air conditioning system according to claim 3, 
wherein said dehumidifying mechanism (7) in- 
cludes a re-heater (RH), a condenser (COND) and 
a water separator (WS) situated In this order from 
the first heat exchanger to the turbine, a first pas- 
sage extending from the water separator (WS) to 
the turbine (T) through the re-heater (RH), and a 
second passage extending from the turbine (T) to a 
chamber through the condenser (COND) so that the 
condenser cools the air flowing from the compres- 
sor to condense a water content, and raises the air 
discharged from the turbine (T) 

5. An air conditioning system according to claim 4, 



wherein said water separator (WS) has an internal 
structure for turning air therein to separate a water 
content by a centrifugal force of a revolutional flow 
of the air, and said re-heater (RH) operates to pre- 
5 cooling the air proceeding to the condenser and 
pre-heating the air discharged from the water sep- 
arator. t 

6. An air conditioning system according to claim 2, fur- 
io ther comprising air intake means connected to the 

compressor for supplying at least one of open air 
(RM) and engine fan air to the compressor. 

7. An air conditioning system according to claim 6, f ur- 
15 ther comprising a second heat exchanger (RHX) 

formed in a third passage (4) to the compressor to 
cool the engine bleed air by ram air, a forth passage 
(BO) extending from the third passage between the 
second heat exchanger (PHX) and the compressor 
20 (C) to a portion before the re-heater (RH), and a fifth 
passage (B6) for introducing the engine bleed air 
before the second heat exchanger to the second 
passage. 

25 8. An air conditioning system, comprising: 

an air cycle machine (ACM) including a com- 
pressor (C) for receiving and compressing air 
and a turbine (T) having a shaft (T) connected 
30 to the compressor, and 

bleed air supply means (4) connected to the 
compressor (C). 

wherein said air conditioning system being 
characterized in that air intake means (RA, C) 

35 is connected to the compressor (C) for supply- 

ing at least one of open air and engine fan air 
to the compressor, and the bleed air supply 
means (4) is connected to the turbine (T) to sup- 
pty engine bleed air to the turbine to operate 

40 the turbine by the engine bleed air when the at 

least one of open air and engine fan air is sup- 
plied to the compressor, 

9. An air conditioning system according to claim 8, 
45 wherein the at least one of open air and engine fan 
air compressed at the compressor (C) is mixed with 
the bleed air passing through the turbine (T) to ob- 
tain conditioned air. 

so 10. An air conditioning system according to claim 9, 
wherein said air cycle machine (ACM) further in- 
cludes an electric motor (M) attached to the shaft 
(S) for actuating the compressor and the turbine 
when necessary. 
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(54) Air cycle environmental control system 

(57) In an air cycle machine (ACM), a turbine (T) is 
driven by an engine bleed air (BA), and the turbine pow- 
er is mechanically transmitted to a compressor (C) to 
compress the engine bleed air or open air. An electric 
motor (M) may be provided to electrically drive the com- 
pressor, if necessary, to thereby serve as an auxiliary 



power for the turbine power. The air cycle machine is 
used for an air conditioning system for an aircraft, 
wherein open air or engine fan air is raised in its pres- 
sure by taking advantage of the compressor (C) driven 
by the turbine power to use as a ventilation air. There- 
fore, a consumption of the engine bleed air having a high 
energy level can be efficiently reduced. 
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